Lake droughts are the consequences of climatic, hydrologic and anthropogenic influences. Quantification of the droughts and clarification of contributions from the 25 individual influences are essential for understanding drought features and their causation structure, which is highly valuable for policymakers to make effective adaption, especially under the changing climate situations. This study examines Poyang Lake, the China's largest freshwater lake, which has been undergoing drastic hydrological alternation in recent decade. Standardized lake stage is used to identify 30 and quantify the lake droughts, and hydroclimatic contributions are determined with water budget analysis, in which absolute deficiency is defined in reference to normal hydrologic condition. Our analyses demonstrate that in the recent decade the lake droughts worsened in terms of duration, frequency, intensity and severity.
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Abstract
Lake droughts are the consequences of climatic, hydrologic and anthropogenic influences. Quantification of the droughts and clarification of contributions from the 25 individual influences are essential for understanding drought features and their causation structure, which is highly valuable for policymakers to make effective adaption, especially under the changing climate situations. This study examines Poyang Lake, the China's largest freshwater lake, which has been undergoing drastic hydrological alternation in recent decade. Standardized lake stage is used to identify 30 and quantify the lake droughts, and hydroclimatic contributions are determined with water budget analysis, in which absolute deficiency is defined in reference to normal hydrologic condition. Our analyses demonstrate that in the recent decade the lake droughts worsened in terms of duration, frequency, intensity and severity.
Hydroclimatic contributions to each individual drought varied from one to another 35 and the overall contribution to the decadal lake droughts came from decreased inflow (46%), increased outflow (28%), and reduced precipitation (17%) and increased evapotranspiration (9%) at the lake region. In the decreased inflow, 71% resulted from reduced precipitation and 29% from increased evapotranspiration over the Poyang Lake Basin. The increased outflow was attributable to the weakened blocking effects 40 of the Yangtze River, in which the Three Gorges Dam (TGD) established upstream contributed less to the droughts. The TGD impoundments were not responsible for the increased drought events, but they may have intensified the droughts and changed the frequency of classified droughts. However, the TGD contribution was limited in Wetland and the lake region serves as an important food base for China, the frequently occurred lake droughts have also received increasing international attention (Jiao, 2009; Finlayson et al., 2010; Liu et al., 2011; Environment News Service, 2012; The Ramsar Convention, 2012; Zhang et al., 2012 Zhang et al., , 2014 .
Since lake droughts usually exhibit as an abnormal decline in lake stage or lake 100 size, a number of studies documented the decline feature in Poyang Lake and its controlling factors (Guo et al., 2012; Zhang et al., 2012; Liu et al., 2013; Lai et al., 2014a; Zhang et al., 2014) . Feng et al. (2012) used 250-m satellite images and reported that the lake size had a decreasing trend between 2000 and 2010. Liu et al. (2013) revealed an abrupt decrease in the lake size in 2006, dominant in October and 105 November. Zhang et al. (2014) demonstrated that the lake stage fell to the lowest during the 2000s compared to previous decades, in particular significantly lower in autumn recession periods. Since Poyang Lake receives inflows from its surrounding basin and discharges into the Yangtze River via a narrow outlet at the Hukou (Figure   1 ), the strong lake-river interaction makes it complex to separate relative impacts of 110 the inflow and outflow on the lake stage (Hu et al., 2007; Lai et al., 2014a) . Zhang et al. (2014) employed a hydrodynamic model for Poyang Lake for the separation and declared that the lake decline in the 2000s was primarily ascribed to the weakened blocking effect of the Yangtze River. Compared to climate variability on the lake basin, modifications to the Yangtze River flows have had a much greater influence on 115 the seasonal (September-October) dryness of the lake (Zhang et al., 2014) . The modification was largely attributable to the operation of the Three Gorges Dam (TGD), established upstream of the Yangtze River in 2003. Water impoundments of the TGD incurred water level drops with an average estimate of 2 m at the outlet of Poyang Lake in mid-September to November for 2003 -2008 (Guo et al. 2012 Zhang 120 et al. 2012) . Alternatively, Lai et al. (2013) developed a hydrodynamic model for the middle Yangtze River region (CHAM-Yangtze), in which coupled both Poyang Lake and the Yangtze River to account for the lake-river interactions explicitly. They demonstrated that the lake stage was more sensitive to the alternation in lake inflow compared to the same discharge modification in the Yangtze River (Lai et al., 2014a) . 125 The recent extremely low water levels in the Yangtze River resulted mainly from remarkable decline in inflows to the River, rather than solely from the TGD impoundments (Lai et al., 2014b) . Indeed, these studies highlighted the complexity of the multiple influences on Poyang Lake's decline in the complex basin-lake-river system. 130 Definitely, drought differs from low water level and persistent dryness. Water level can be low in seasonal dry seasons, but it does not necessarily constitute a drought (Smakhtin, 2001) . Persistent dryness refers to water decrease in a long run, equivalent to decreasing trend or shrinkage, which is usually unrecoverable in a short time . Droughts are complex events that have a recurrent feature, 135 and it may occur in any season lasting several months or longer (Todd et al., 2013) . Feng et al. (2012) used 250-m satellite images to delineate inundation area for quantifying the drought severity of Poyang Lake in 2011. Linear regression analysis showed that the drought was primarily due to low basin-scale precipitation, rather than mis-balanced discharge between the Lake and the Yangtze River with TGD 140 impoundments. Very recently, Wu and Liu (2014) used satellite-delineated inundation area to quantify two lake droughts occurred in 2006 and 2011. Statistical comparison indicated that the 2006 drought was mainly attributable to abnormal decrease of water flow in the Yangtze River and the 2011 drought was due to combined influences of the Poyang Lake Basin and the Yangtze River. Although the studies specified two 145 extreme drought events, neither of them offered a full explanation to the frequently occurred droughts in Poyang Lake.
In principle, drought identification, quantification or characterization with a consistent standard is a prerequisite for drought analysis. However, few studies have comprehensively quantified and addressed the Poyang Lake droughts in the 2000s.
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The current understanding of the Lake's decline in autumn cannot provide a complete explanation to the lake droughts spanning non-autumn seasons. It remains unknown to what extent the climatic, hydrologic and anthropogenic influences have contributed to the lake droughts, which is one of key issues identified for developing integrated, interdisciplinary theories of droughts (Kallis, 2008) . Especially for practice, 155 clarification of the multiple influences on the recently increased droughts is essential to effective prevention of the droughts.
Complicated causality of lake droughts requires robust approach for determining the contributions from multiple influences. Analogous to standardized precipitation index, this study utilizes standardized lake index to quantify lake droughts (Section 2).
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With the principle of lake water balance, it proposes to define an absolute deficiency for each water component and determine their contributions to lake droughts (Section 2). The approach is applicable to basin-scale water balance, quantifying regional hydroclimatic influences on lake inflow, and subsequently on lake droughts (Section 2). Poyang Lake droughts are examined with the proposed approach, in combination 165 with five-decade hydroclimatic data including latest satellite products (Section 3). The drought features in the 2000s and its mechanism are addressed subsequently (Section 4). Our findings should be valuable for improving our understanding of lake droughts under the changing climate situations and be useful for local water resources management and climate change adaptation. 
Methodology
Drought has a multi-faceted nature. Major attributes of a drought event involve initiation, termination, duration, severity, magnitude, and intensity, as well as spatial extent for the case of meteorological or agricultural droughts (Yevjevich, 1967; Dracup et al., 1980; Wilhite and Glantz, 1985; McKee et al., 1993; Mishra and Singh, 175 2010; Spinoni et al., 2014) . Drought initiation time is the starting of the drought.
Termination time is the end when the drought no longer persists. Drought duration is the period between the initiation and the termination (Yevjevich, 1967; Mishra and Singh, 2010) . Drought severity is the total, cumulative water deficient for the duration.
Drought magnitude is a derivative of drought severity, defined as the average water 180 deficit in the drought period (Dracup et al., 1980; Wilhite and Glantz, 1985) . Drought intensity usually refers to the largest departure from the normal conditions (McKee et al., 1993; Spinoni et al., 2014) . For a given historical period, drought description also includes drought frequency, which refers to the number of drought events occurred (Mishra and Singh, 2010; Spinoni et al., 2014) . 
Quantification of Lake Droughts
For quantitative analysis, various indices have been proposed to characterize the complex features of droughts (Dracup et al., 1980; Keyantash and Dracup, 2002; Mishra and Singh, 2010; . Among the numerous indices, standardized precipitation index (SPI) is commonly used (McKee et al., 1993; Mishra and Singh, 190 2010). It is a normalized dimensionless index, defined as the difference of precipitation from the mean divided by the standard deviation for a given period, in which a gamma distribution is generally fitted to the long-term precipitation records for each calendar month to account for seasonal differences (McKee et al., 1993 (Hays et al., 2011) . Despite it was proposed to quantify precipitation deficiency, the SPI methodology has been applied in a similar manner to other hydroclimatic variables, for example, streamflow discharge, soil moisture, reservoir storage, and groundwater level (McKee et al., 1993; Sheffield et al., 2004; 200 Vicente- Serrano and López-Moreno, 2005; Mendicino et al., 2008; Shukla and Wood, 2008 ).
In the case of lake drought, it can be described with lake stage, lake area or water storage. Because the time series data of lake area or water storage are generally unavailable, lake stage is feasible for analysis. Analogue to SPI, standardized lake
where L ij is the monthly average lake stage (unit in m) of year i and month j (j = 1, 2, …, 12), normalized with a gamma distribution (McKee et al., 1993 (Dracup et al., 1980; McKee et al., 1993) .
In addition, drought severity of a drought event is calculated as follows
where m denotes the initialization time of a drought and n represents the termination 235 time (Keyantash and Dracup, 2002; Mishra and Singh, 2010) . Drought magnitude is then calculated as (Keyantash and Dracup, 2002) uration
Contribution of Water Deficiency to Lake Droughts
A lake drought results directly from an abnormal change in lake water budget.
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Thus, water budget analysis is essential to clarify the drought causes. A general water balance for lake in a period can be described as follows ).
Once the water budget appears abnormal, it suffers from the anomalies of some or all the water components, namely, low precipitation, high evapotranspiration, low inflow and/or high outflow. At the monthly scale, for a water component X,
where During a drought event, the anomaly of lake water storage (S) at month j (m < j ≤ n) results from the consecutive anomalies of the lake water budget, which can be described as
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The individual contribution from each water component to the water deficiency of the lake water storage at month j is quantifiable with a ratio defined as follows
where C 
To eliminate the dependence in quantifying the individual
which is included in Eq.(7a). This is also applicable for Eq. (7b) described subsequently.
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For an entire drought event, in accordance with the concept of drought severity (Eq.(2)), the total water deficiency of lake water storage from the initialization time (j = m) to the termination (j = n) can be described as follows
Then, the individual contribution from each water component to the total water 280 deficiency for a drought event can be described as
In many cases, quantification of individual hydro-climatic contributions to droughts is of high concern in decadal or longer time scales, for example, in climate change related studies (Todd et al., 2013; Joetzjer et al., 2013; Van Lanen et al., 2013) .
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In this case, their individual contributions can be determined from Eq. (7b), given the total integrated hydrological components for the period.
Contribution of Basin-scale Hydroclimatic Influences on Lake Droughts
In addition to quantification of water deficiency in inputs and outputs to lake, it is natural to trace the causes of inflow deficiency for complete understanding of 290 hydroclimatic influences on lake droughts. Lake inflow originates from precipitation in its surrounding basin. Given the water balance for the basin in a period, lake inflow is described as In practice, there are often areas ungauged downstream from hydrological stations. In this case, the lake inflow includes two parts, one from gauged areas and another from ungauged areas. It has
where the subscript G represents the components for the gauged areas and the subscript U denotes that for the ungauged areas.
In combination with Eq. (4) and Eq. (9a), the lake water budget can be expressed
Or in parallel,
where the subscript R represents the components for the lake region. It shows that the 310 lake change involves water budgets in the lake and the ungauged areas, in addition to gauged inflow and outflow.
Further incorporated with Eq. (9b), the lake water budget can be expressed as
Clearly, the lake water change is a combined result of precipitation, evapotranspiration, soil moisture, groundwater, and outflow.
As done with Eq. (5), the water anomaly of each component in Eq. (10) and Eq.
(11) can be defined, respectively. As done with Eq. (6), their contributions to the 320 abnormal change of the lake water can be determined for water balance at different spatial scales, namely, the lake, the lake region, and the basin. The multi-scale determination is useful to trace regional hydroclimatic influences on the lake droughts.
Study Area and Data Processing 325
Study Area and Data
Poyang Lake has a maximum area of 3,860 km 2 with an average depth of 8 m at the lake stage of 22 m (Shankman et al., 2003) . It varies remarkably from several thousand km 2 in summer to less than one thousand km 2 in winter . annual mean surface air temperature of 17.5℃ and an annual precipitation of 1,635.9 mm for the years 1960-2010 (Liu et al., 2012) . Forestlands, agricultural fields, grasslands, bare-lands and water surfaces are the dominant land cover types (Liu et al., 2012 (Lai et al., 2013) .
Drought Quantification
To identify lake droughts, SLI was calculated with Eq. (1) Drought initialization, termination, duration, intensity, severity, and frequency were subsequently determined from the SLI values of Xingzi, with the criteria described in Section 2.1. Finally, all the lake droughts were identified and classified into extreme, severe, or moderate drought (McKee et al., 1993) .
In addition, for the case without the TGD impoundments, the lake stage at Xingzi 370 was estimated from its highly correlated relationship with Hukou, y = 0.9594x+0.8034 (Min and Zhan, 2013) , for 2006-2010. Consequently, the SLI values of Xingzi were re-calculated for the case without TGD. It serves as a reference to evaluate the TGD effect on the lake droughts.
Water Budget Analysis
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To quantify hydroclimatic influences on lake droughts, water budget analysis was designed at multi-spatial scales, preferably at the lake, the lake region and the lake basin (Figure 1 ). At the lake scale, water components include precipitation, evaporation, groundwater net inflow, inflows from gauged and ungauaged areas, and outflow (Eq. (4)). It has several difficulties to perform water balance analysis with a 380 high accuracy for the lake. First, evaporation data are unavailable for the lake in monthly time series. Second, the lake has a remarkable surface variation, which significantly regulates wetland evapotranspiration (Zhao and Liu, 2014) . Third, there are many small rivers and brooks downstream from the hydrological control stations.
It is impractical to measure all of the surface runoff into Poyang Lake. Given the 385 hydrological data, the Poyang Lake region is thus the minimum closure entity directly available for water budget analysis. For complete understanding of climatic, hydrologic and anthropogenic influences on lake droughts, water budget analysis should be performed for the lake basin, with a focus on the causes of inflow deficiency. Besides, the boundary effect of the Yangtze River is taken into 390 consideration to account for the anomaly of lake outflow.
Specification of normal hydrologic condition is a prerequisite for determining water deficiency. First, precipitation data were grouped for the Poyang lake region and the lake basin. Multi-year mean of monthly precipitation was obtained from the observation data for 1961-2010. Second, multi-year mean of monthly discharge was 395 calculated from the data for inflows and outflow in the period. Third, since evapotranspiration data prior to 2000 was unavailable, the multi-year mean of annual evapotranspiration was calculated from the difference between annual precipitation and discharge, respectively for the lake region and the entire lake basin in 1961-2010.
The multi-year mean of monthly evapotranspiration was then obtained from the 400 annual value distributed with a monthly weighting factor calculated from the MOD16 time series, with an assumption that the annual variability is relatively similar for 1961-2010.
Once the normal hydrologic condition was established, the water deficiency of a water component and its contribution to lake droughts were determined with Eq. (5) 405 and Eq. (6). It was also applied to water budget for the lake region (Eq.(10b)) and the lake basin (Eq.(11b)), respectively. For the basin, a one-month lag was determined with correlation analysis between peak rainfall and peak discharge, and it was applied to account for the peak difference (Senay et al., 2011; Liu et al., 2013) . In addition, there are three points addressed here. First, R  in Eq. (10b) for the lake region is 410 only 1.3% of the total water balance and is neglected in the present study (Wan and Xu, 2010; Zhang et al., 2014) . Second, G  in Eq. (9b) for the gauged lake basin is generally unavailable. According to Feng and Liu (2014) , it is roughly 5% of the total water balance and is neglected here. Third, the MOD16 datasets provide one-decade monthly evapotranspiration, making it feasible to use the independent observations for 415 water budget analysis in time series. While the datasets have been extensively evaluated and applied worldwide, namely Australia, Brazil, Asia, and the United
States (Loarie et al., 2011; Kim et al., 2012; Velpuri et al., 2013; Wang et al., 2014) , our recent assessment showed that it had an error of approximate 10% for the study area . The error, together with the neglected R  and G  , may 420 introduce uncertainties. Given that water anomaly (Eq. (5)) and relative contribution (Eq. (7b)) are used, the uncertainties would not be enlarged but minimized in water balance calculation and water budget analysis.
It should be emphasized that, for the sake of addressing water contribution at the lake region and the lake basin, the water amounts (unit in m Wu and Liu (2014) in terms of inundated area, whereas the present study quantified its probability of occurrence and revealed that the drought lasted longer than the previous reports. The category spanned 6 and 10 months, respectively. The four droughts in the 'moderate drought' category lasted 2~4 months. It appears that a drought with a lower SLI is usually more severe and lasts for a longer time.
In comparison to the years 1961-2000, the lake droughts changed in terms of 455 duration, frequency, intensity and severity in the most recent decade (Figure 2(b) ). On average, drought duration extended from 5.6 to 6.2 months. Drought frequency increased from 6.0 to 9.0 events per decade. Drought intensity intensified from -1.38
to -1.79, and drought severity increased from -5.02 to -7.16. In regard to the intensification, further analysis revealed that the moderate drought events increased.
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The severe droughts decreased, but the extreme droughts increased from 0.5 to 3.0 events per decade (Figure 2(c) ). Overall, the lake droughts have worsened in terms of duration, frequency, intensity and severity over the last decade.
Hydroclimatic Change at Poyang Lake Region
Normal variation of water components is a baseline for quantitative analysis of 465 drought occurrence as an abnormal change. Figure 3(a) shows the multi-year mean of monthly precipitation (P R ) and evapotranspiration (E R ) for the lake region, lake inflow (I) from five major rivers and outflow (O) into the Yangtze River. The monthly precipitation varied with a peak in June followed by a sharp decrease. Inflow had a similar seasonal pattern. Outflow had the maximum value in June and the minimum in 470 January. The maximum evapotranspiration appeared in August and the minimum in December. From a perspective of water balance, the water budget was positive from January to June with a peak in June. It became negative from July to December, and the minimum value appeared in October. These results indicate a shift in water budget from a surplus phase in the first half of the year to a deficit phase in the second half of 475 the year. The deficit phase is a part of the normal hydrologic condition, and thus it does not necessarily mean a drought occurrence. Furthermore, in annual water budget, the equivalent water supply from the local precipitation was 312.0 mm, and that from inflow was 714.4 mm, more than two times of the local precipitation. The water loss from the local evapotranspiration was 118.3 mm, and that from outflow was 908.1 480 mm, approximate 7.7 times of the local evapotranspiration. It demonstrated that the inflow and outflow were much higher than the local precipitation and evapotranspiration. This finding implies the dominant role of hydrologic components over meteorological components in regulating Poyang Lake.
Lake droughts occur when abnormal change appears in the water budget. Table 2   485 lists the water components for the lake region during the periods of lake droughts. The water budgets (P R -E R +I-O) were -67.1, -12.6 and -69.3 mm for three extreme lake droughts, -71.6 and 27.7 mm for two severe lake droughts, and 72.0, 5.4, 18.5, and -66.1 mm for four moderate lake droughts. In sum, the budget was negative (deficit)
for five cases and positive (surplus) for four cases. Despite the positive water budgets, 490 the large negative anomalies of P R -E R +I for the cases illustrated that the lake water income (P R -E R +I) was exceptionally lower than normal. The low water income resulted from largely decreased inflow and precipitation, as well as increased evapotranspiration. The positive water budgets were attributed to the water surplus period in the first half of the year. In this sense, the definition of drought is a water 495 anomaly referenced to a normal state of either water surplus or deficit phase. It indicated that a drought occurrence was more closely related to the water deficiency (negative anomaly) of water budget than the net water budget. For example, the net water budget did not show statistically significant relationships with drought intensity or drought severity. On the contrary, the total water anomaly of a drought event 500 showed a significant relationship with drought severity (x) (y =22.949x+3.8772, n = 9, R 2 =0.7513, p < 0.01) (Figure 3(b) ). In general, the water budget analysis highlighted the importance of water deficiency in reference to a normal condition of either water surplus or deficit phase.
While a lake drought is generated from the anomaly of water budget, it is not 505 clear to what extent each water component has contributed to the anomaly.
Clarification of the contribution is helpful for understanding drought causes and will be useful for preventing droughts under the changing climate. Table 3 shows the ratios of the total water anomaly of a component to that of the water budget for each event (Eq. (6) there are two negative cases of outflow occurring mainly in a water surplus period (Table 3 ). The negative contribution implies less outflow in reference to water income (P R -E R +I), which is consistent with the water budget (P R -E R +I-O). Clearly, hydroclimatic contributions to each individual drought varied from one to another, but the inflow appeared to be dominant. On average, for all the drought cases, 46% of the 525 total water anomaly of the water budget came from the reduced inflow, 28% from increased outflow, 17% from decreased precipitation and 9% from increased evapotranspiration at the lake region. Since inflow reduction is the major contribution to the water anomaly in the lake region, it is vital to trace how precipitation and evapotranspiration have changed at the basin scale in the recent decade. 
Hydroclimatic Change at Poyang Lake Basin
Likewise, prior to performing a water budget analysis, it is valuable to clarify the normal hydrologic condition. Generally, precipitation (P B ) and evapotranspiration (E B )
had similar seasonal patterns in the basin as its counterpart in the lake region ( Figure   4 (a)). Monthly precipitation varied seasonably with a peak in June, followed by peaks for the three extreme droughts, -251.9 and 152.0 mm for the two severe droughts, and 136.3, 21.3, -9.5 and -65.1 mm for the moderate droughts (Table 2 ). For six negative cases, the water budget featured less precipitation (negative anomaly) and more evapotranspiration (positive anomaly). For three positive cases, P B -E B had large negative anomalies over 100 mm, but the water budgets became positive due to the 550 largely reduced outflow. For the three extreme droughts, P B -E B was much lower than the normal, suggesting that meteorological droughts have made significant effects on the drought formation. For all the cases, the water anomalies of P B and P B -E B had positive relationships with drought severity, which was consistent with the water budget for the lake region. Nevertheless, the basin-scale precipitation is the most 555 important water source to the lake, as confirmed by a correlation between P B -E B (x) and I (y) (y=0.9958x, R 2 =0.8667, n=10, p<0.005) (Figure 4(b) ). The P B -E B -to-I difference was -28.3 mm, approximately 10% of I, in agreement with our previous study . The high correlation and relatively small difference also confirmed the suitability of the satellite evapotranspiration data for the study area.
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While the inflow reduction generated from combined hydroclimatic change, precipitation and evapotranspiration may have made different contributions to the lake droughts. For example, precipitation was 248.0 mm lower and evapotranspiration was 72.5 mm higher than the normal, and they produced inflow 152.8 mm lower from In contrast, precipitation was 23.3 mm lower and evapotranspiration was 55.1 mm higher, and they generated inflow that was 21.1 mm lower than normal from June-November 2001. The corresponding contribution was 39% for precipitation and 61% for evapotranspiration to the inflow deficiency. For all nine-drought cases, 71% 570 of reduced inflow came from decreased precipitation and 29% came from increased evapotranspiration as a whole (Table 3) . These results demonstrated the dominant role of precipitation in reducing the inflow to Poyang Lake, despite it might vary with different drought cases.
Mechanisms Accounting for Recent Lake Droughts
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The above sections detail the lake droughts as abnormal phenomena and the hydroclimatic contribution to individual drought events. Yet, it remains unclear why the droughts strengthened in the recent decade, and whether the droughts resulted from a long-term change of hydroclimatic influences or a seasonal combination of these influences. At the lake region, the water budget (P R -E R +I-O) declined from mid-2002 to a low value in September 2009, and then increased yet remained in a negative phase.
Obviously, the decrease in the water budget is a hydroclimatic setting for the recent drought increase. The water deficits involve local precipitation and evapotranspiration, 585 lake inflow and outflow, but each of these components has different courses. The accumulated P R showed a decreasing trend after mid-2003. The accumulated E R increased gradually but steadily, which was consistent with the rapid increase of surface temperature in the Poyang Lake Basin since 1998 (Liu et al., 2012) . The E R exceeded the P R after April 2010, exhibiting an increasing effect on the water budget.
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Comparatively, the accumulated I or O had a relatively large variation, consistent with their dominance over P R and E R at seasonal scale. They displayed similar behaviors with a peak in spring 2003, and then declined by the end of 2009. In the entire period, precipitation decreased by 5%, evapotranspiration increased by 19%, inflow declined by 5% and outflow declined by 4%, accounting for the negative water budget in the 595 lake region. would increase the possibility of drought occurrence and intensify the drought intensity. In the enlarged water deficit, the P R -E R and the I-O contributed to 43% and 57%, respectively. In the I-O deficit, inflow decreased but outflow increased. Usually, the outflow decreases with reduced inflow and P R -E R . Since the Yangtze River serves 605 as a boundary condition of Poyang Lake, the increased outflow is generally a result of weakened blocking effects of the lake-River interactions (Guo et al., 2012; Lai et al., 2014) .
The weakened effects involve climate change in the upper reaches of the Yangtze River, and water impoundments of the TGD (Guo et al. 2012) . Routinely, the TGD 610 impoundment begins in mid-September and spans one to two months. Among all the drought events, none occurred during exactly the same time span. Accordingly, the TGD impoundments should not be responsible for the increased drought events.
However, the impoundments lowered the lake stage at the Hukou outlet by 1~2 meters for September-October (Guo et al. 2012; Zhang et al., 2012 Zhang et al., , 2014 . Our analysis Indeed, the MOD16 products demonstrated its effectiveness in water balance calculation and subsequent water budget analysis. Second, in addition to drought quantification, absolute deficiency was defined for water component and water budget in reference to normal hydrologic state. Individual hydroclimatic contributions were 640 isolated from the total anomalies of water budget, and the drought causation structure was subsequently distinguished. The quantification approach is straightforward and applicable to separate hydroclimatic influences to droughts, a key issue identified for developing integrated theories of droughts (Kallis, 2008) . Third, it is the first time to quantify all the drought events and their causation structure in Poyang Lake. Most 645 existing studies did not explicitly quantify the droughts but focused on low water levels mainly in autumn seasons. A few studies addressed 1-2 extreme droughts with statistical regression analysis Wu and Liu, 2014 ), yet lack of systematic water balance analysis of the droughts and their decadal features. The present study completed drought quantification, water budget analysis, isolation of 650 hydroclimatic contributions, and clarification of causation structure for the recently increased droughts in Poyang Lake. The complete assessments demonstrated that the droughts were the hydroclimatic consequences, with less important contribution from the TGD influences. Yet, it should be noted that the present study did not address some potential influences, for example, land cover/use change, agricultural water use, 655 soil moisture variation and vegetation dynamics. These factors can significantly affect the hydrological processes at seasonal and annual scales, and subsequently affect lake stage and droughts, which should be taken into consideration in future study.
Conclusions
This paper used standardized lake stage to identify and quantify droughts 660 illustrated with the case in Poyang Lake for all seasons. From a perspective of water budget, it defined an absolute deficiency for water component and water budget in reference to normal hydrologic condition to determine hydroclimatic contributions to lake droughts. Given five-decade hydroclimatic observation data and the latest satellite products, water budget analysis was operational and performed in the study 665 area.
Our analyses demonstrated that the lake droughts had strengthened in the recent decade, in terms of duration, frequency, intensity and severity. The overall contribution to the lake droughts came from decreased inflow (46%), increased outflow (28%), and reduced precipitation (17%) and increased evapotranspiration (9%) 670 at the lake region. In the decreased inflow, 71% resulted from basin-scale precipitation and 29% from basin-scale evapotranspiration. The recently increased droughts were principally ascribed to hydroclimatic change, specified with decreased precipitation, increased evapotranspiration and reduced inflow. The TGD impoundments were not responsible for the increased drought events, but they did 675 intensify the droughts and change the frequency of classified droughts. However, the TGD contribution was limited, compared with the hydroclimatic influences.
Overall, the findings provide an example of intensified lake droughts, and offer an insightful analysis of the droughts in the changing climate and anthropogenic influences. It should be valuable for improving our understanding of droughts, thus 680 benefiting to develop integrated theories on the subject. This study is also useful for the effective promotion of water resource management and climate change adaptation. Table 3 . Contribution of water components (unit in 100%) to a water anomaly of the water budget at the lake region and lake basin for nine lake drought events. Figure 3 . (a) Multi-year mean of monthly precipitation (P R ) and evapotranspiration (E R ) for the Poyang Lake region, lake inflow (I) from five major rivers of the Poyang Lake Basin, and outflow (O) into the Yangtze River. All the water amounts are normalized to equivalent water height of the whole Poyang Lake Basin. (b) The relationship between drought severity and total water anomaly of (P R -E R +I) of each event for nice cases of Poyang Lake droughts. 
